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(57)Abstract 

PROBLEM TO BE SOLVED: To provide flat leaf^like rare earth-iron-boron magnet alloy particle 
powder for a bonded magnet which is provided with a large residual magnetic flux density Br and 
high coercive force iHc with a large maximum magnetic energy product (BH)max, superior rust- 
proof property and superior leafing effect, a manufacturing method and a bonded magnet, using 
the rare earth-iron-boron magnet alloy particle powder. 

SOLUTION: This flat-leaf-like rare earth-iron-boron magnet alloy particle powder whose 
average long axis diameter is 60-500 |jjn, average short axis diameter of 50-460 \im, with 
average thickness of 3-100 |im, average axis ratio of 1.1-10 and average aspect ratio of 3-100 
is obtained by heating and dissolving the coarse alloy of a rare earth-iron-boron type, turning it 
into a molten alloy, making it flow out from a nozzle, generating the liquid drop of the molten 
alloy by an atomizing gas to the flow-out molten alloy, cooling and solidifying it by making the 
liquid drop collide with the surface of a rotary cooling body of a conical shape or a disk shape, 
turning it into a rapidly cooled solidified particle powder, and then performing heat treatment in 
the temperature range of 500-850'' C. 
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[JP,11-288807,A] 
* NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim l] It is the rare earth-iron-boron system magnet alloy particle powder with which particle shape 
consists of a fohaceous particle of a flat tree, the object for bond magnets 1.1-10, and whose average 
aspect ratio (the diameter of a major axis / thickness) 3-100 micrometers and an average axial ratio (the 
diameter of a major axis / diameter of a minor axis) are [ the diameter of an average major axis / 60-500 
micrometers and the diameter of an average minor axis ] 3-100 for 50-460 micrometers and average 
thickness - flat -- leaves - ** rare earth-iron-boron system magnet alloy particle powder. 
[Claim 2] The aUoy presentation of a rare earth-iron-boron system magnet alloy particle is formula 
RxFelQO-x-y-z-wCoyMzBw (however, R). A kind of the rare earth elements chosen iBrom Nd, Pr, Dy, Tb, 
and Ce or two sorts or more, and MA kind of the element chosen from Ti, V, Cr, Zr, Nb, Mo, Hf, Ta, W, Mn, 
Cu, Ga, Ag, and Si or two sorts or more, x, and y, z and w Respectively 5<=x<=10, 1.0<=y<=9.0, 0.1<=z<=5, 
2<=w<=7, 9<= (x■^w), 5 < (y-fa) - the hard magnetism crystal phase which consists of the soft 
magnetism crystal phase and Nd2Fel4Bl mold tetragonal-system crystal phase which have the 
presentation expressed and consist of one crystal phase of the mixed phases of alphaFe, the solid solution 
(alpha soUd solution which consists of Fe and M), or the alphaFe and the solid solution, respectively It has 
the alloy organization which deposits in a soft magnetism amorphous phase, and, moreover, said soft 
magnetism amorphous phase is below 10 area % to all aUoy organizations. FoUaceous rare 
earth-iron-boron system magnet alloy particle powder of the flat tree for bond magnets according to claim 
1 said whose soft magnetism crystal phase is more than 10 area % to all the crystalline structures that 
doubled said soft magnetism crystal phase and said hard magnetism crystal phase and whose remainder 
is said hard magnetism crystal phase. 

[Claim 3] Fohaceous rare earth-iron-boron system magnet alloy particle powder of the flat [ coercive force 
iHc / 3.5 or more kOes and a residual magnetic flux density Br / 9.5 or more kGs and maximum magnetic 
energy (product BH) max ] tree for the bond magnets according to claim 1 or 2 which is 13 or more MGOes. 
[Claim 4] Formula RxFelOO-x-y-z-wCoyMzBw (however, R) A kind of the rare earth elements chosen from 
Nd, Pr, Dy, Tb, and Ce or two sorts or more, and MA kind of the element chosen from Ti, V, Cr, Zr, Nb, Mo, 
Hf, Ta, W, Mn, Cu, Ga, Ag, and Si or two sorts or more, x, and y, z and w Respectively 5<=x<=10, 
1.0<=y<=9.0, 0.1<=z<=5, 2<=w<=7, 9<= (x■^w), 5 < (y-»-z) - the presentation expressed - the rough alloy 
manufactiured so that it might become comparatively After carrying out the heating dissolution and 
considering as an alloy molten metal, the alloy molten metal concerned is made to flow out of a nozzle. 



The drop of an alloy molten metal is made to generate by spraying gas on the outflow alloy molten metal 
concerned. It considers as the quenching congelation particle powder which is made to carry out cooling 
coagulation and consists of a fohaceous particle of a flat tree by making this drop collide with the front 
face of the rotation cooling object of the cone mold arranged in the flow direction of the drop concerned, or 
a disk mold before the drop concerned congeals. Subsequently The manufacturing method of the 
foliaceous rare earth-iron-boron system magnet alloy particle powder of the flat tree for bond magnets 
according to claim 1 to 3 characterized by heat-treating the quenching congelation particle powder 
concerned in a 600-850-degree C temperature requirement. 

[Claim 5] the object for bond magnets according to claim 1 to 3 - flat - leaves - the bond magnet which 
comes to distribute ** rare earth-iron -boron system magnet alloy particle powder in binder resin -- it is - 
being concerned -- flat - leaves - the bond magnet with which ** rare earth-iron-boron system magnet 
alloy particle powder is characterized by 85 - 99% of the weight of the thing which it comes out 
comparatively and is mixed. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the bond magnet which used this rare earth-iron-boron 
system magnet alloy particle powder for the big residual magnetic flux density Br, 9.5 or more kGs and 
the high coercive force iHc, the fohaceous rare earth-iron-boron system magnet alloy particle powder of 
the flat tree for bond magnets that had 3.5 or more kOes, consequently whose maximum magnetic energy 
(product BH) max was large, and was excellent in rust-proofing nature especially, and was excellent in 
the leafing effectiveness, and its maniifacturing method list especially. 
[0002] 

[Description of the Prior Art! Although it is widely used for various applications, such as an electric 
product and autopsurts, firom the former since a bond magnet has advantages, such as the configuration 
firee nature, high dimensioxial accuracy, etc., the miniaturization of the bond magnet itself used for this is 
strongly demanded with small and lightweight-iziag of an electric product or autoparts in recent years. 
[0003] For the miniaturization of a bond magnet, it has magnetic high performance-ization, i.e,, the big 
residual magnetic flux density Br and the high coercive force iHc, consequently it is required strongly 
that maximum magnetic energy (product BH) max should be large. 

[0004] As everyone knows, since ferrite powder is oxide, and it excels in corrosion resistance and is 
manufactured using cheap raw materials, such as oxide, such as barium and strontium, and a ferric acid 
ghost, the bond magnet (henceforth a "ferrite bond magnet") using magnetoplumbite type ferrites, such as 
a barium ferrite and a strontium ferrite, is used economically and widely. 

[0005] However, the magnetic properties of this ferrite bond magnet do not usually have a residual 
magnetic flux density Br enough for small [ of the device used by 2 - 3kOe extent and maximum magnetic 
energy (product BH) max, being 1.6 - 2.3MGOe extent], and hghtweight[ 2 - 3kG extent and coercive force 
iHcl-izing. 

[0006] The demand to magnetic high-performance-izing and magnetic low-pricing does not have the place 
which remains, since the Nd-iron-boron system magnet alloy using Nd which is a low price comparatively 
also among rare earth elements was mostly developed by Sxunitomo Special Metals Co., Ltd. and U.S. 
General Motors at coincidence in 1982, it is widely applied to various appUcations and expansion to a 
bond magnet has also been performed. In quest of improvement in the magnetic properties, development 
of a rare earth-iron-boron system exchange spring magnet alloy is still more prosperous, and the part is 
already put in practical use. 



[0007] It is expected as what has high possibility of becoming the magnet which said exchange spring 
magnet is the exchange interaction of iron (alphaFe) or an iron compound, and a Nd2Fel4Bl mold 
tetragonal compound showing a magnetic spring phenomenon, and the description having a low rare 
earth content and the big residual magnetic flux density Br, and was excellent in cost performance. 
[0008] That is, since the rare earth-iron-boron system exchange spring magnet alloy of under 10 atom % 
can reduce the content of expensive rare earth with the high and potential on magnetic properties 
compared with the rare earth-iron-boron system magnet alloy of 10 • 15 atom % with the amounts of rare 
eds 10 is inadequate, and the high residual magnetic flux density beyond Br>=10kG is not obtained.ral 
Motors developed, the amounts of rare earth, such as Nd, have the description of being economical. 
[0009] There are a system to which said amotmts of rare earth, such as Nd, contain alphaFe in the rare 
earth'iron-boron system exchange spring magnet alloy of under 10 atom % as a soft magnetism phase, 
and a system containing Fe3B or Fe2B. Although the residual magnetic flux density Br of the former is 
generally as large as 10-13kG, coercive force iHc is as low as at most less than 3.5 kOes, and although 
coercive force iHc of the latter is generally comparatively as high as 3.5-7.7kOe, since a residual magnetic 
flux density Br is below lOkG extent, although a residual magnetic flux density Br is large compared with 
"MQP", compared with alphaFe subject system, it is low. 

[0010] By the way, in fields, such as a small motor which are the main applications of the bond magnet 
using a rare earth-iron-boron system magnet alloy, to be the magnetic properties which were able to 
balance a residual magnetic flux density Br and coercive force iHc, i.e., for a residual magnetic flux 
density Br to be [ 9.5 or more kGs and coercive force iHc ] 3.5 or more kOes, is strongly demanded from a 
viewpoint of the niiniatTirization of a motor, and the magnetic stabihty of the magnet used. 
[OOll] Moreover, the magnet alloy containing rare earth, such as Nd, oxidizes in air, tends to generate a 
stable oxide gradually, and has the fault of being inferior to rust-proofing nature. Therefore, since 
corrosion resistance is inferior, as for the bond magnet manufactured using the magnet alloy containing 
rare earth, such as Nd, it is common that rust-proofing coatings, such as dipping of a resin system, spray 
coating, electropainting, or metal platii:^, are generally performed. 

[0012] Therefore, if the rust-proofing nature of the magnet alloy containing rare earth, such as Nd, 
improves, since it can expect that it also sets for the above applications, and rust-proofing coating of a 
bond magnet front face can be simplified or saved labor and rust-proofing coating may be able to be 
onodtted depending on an application, improvement in the rust-proofing nature of a rare earth-iron-boron 
system magnet alloy is demanded- strongly. 

[0013] Moreover, altho\:^h a bond magnet is usually manufactured by scouring magnet powder and 
fabricating it in binder resin, if Hie configuration of magnet powder is a thin film integrated circuit, it is 
known that machine orientation can be carried out easily and the pack density to the inside of binder 
resin can be raised. However, even if it is a thin film integrated circuit particle, in having the curved field, 
it becomes difficult to fully raise pack density, namely, although appUcations differ JP,2-34706,A - "... 
generally as powder for coatings, it is supposed that the thing of a thin film integrated circuit is desirable. 
That is, when powder is mixed to the resin for coatings and it apphes by brush coating, a spray, etc., it is 
because powder carries out a laminating to the painted surface at parallel (this is called leafing 
phenomenon), the continuous coat by powder is formed, a material is intercepted from the open air and 
better corrosion-resistant weatherabiHty is given with the surface tension produced at the time of 
hardening of resin. ..." in manufacture of a. bond magnet, particle shape is not a curved surface as a 



publication flat - leaves - it becomes possible for the saturation magnetic flux density Br of a bond 
magnet to improve, since the pack density of the powder in a bond magnet can be easily raised according 
to the leafing effectiveness by using the magnet alloy particle powder which consists of a particle of a **, 
as a result to raise maximum magnetic energy (product BH) max. Then, rare earth magnet alloy particle 
powder with which the particle shape excellent in the leafing effectiveness consists of a foliaceous particle 
of the flat tree which is not a curved surface is desired. 

[0014] That is, the foliaceous rare earth -iron-boron system magnet alloy particle powder of the flat tree 
which had the big residual magnetic flux density Br and the high coercive force IHc, consequently whose 
maximum magnetic energy (product BH) max was large, and was excellent in rust-proofing nature, and 
was excellent in the leafing effectiveness is demanded strongly. 

[0015] In addition, in the quenching permanent magnet ingredient which uses Fe as a principal 
component (however, it is tmder 91 atom %.), and contains one sort or two sorts or more of rare earth 
elements (R) and boron QB), the permanent magnet ingredient with which the remainder consists of a 
crystalline substance phase containing a R-Fe-B system hard magnetism compound including the soft 
magnetism. amorphous phase below 10 area % is well-known (JP, 8- 1623 12, A). 
[0016] 

CProblem(s) to be Solved by the Invention] Although the rare earth-iron-boron system magnet alloy 
particle powder which had the big residual magnetic flux density Br and the high coercive force iHc, 
consequentiy whose maximum magnetic energy (product BH) max was large, and was excellent in 
rust-proofing nature, and was excellent in the leafing effectiveness is [ current and ] just going to be 
demanded most, the rare earth-irbn-boron system magnet aUoy particle powder which has such a 
property is not yet obtained. 

[0017] namely, the above - a rare earth-iron-boron system magnet alloy given in JP, 8- 1623 12, A the "Table 
5" of this official report a residual magnetic fhxx density Br 0.62-0.97T (it is equivalent to 6.2-9.7kG.) 
Extent and coercive force iHc are 0,16 - 0.21 MA/m (it is equivalent to 1.25-2.6kOe.). Extent and 
maximum magnetic energy (product BH) max are 19.7 - 72.0 kJ/m3 (it is equivalent to 2.5 - 9.bMG0e.). as 
being indicated as extent - coercive force iHc— at most - 3kOe extent and the residual magnetic flux 
density Br were as low as lOkG extent at most. 

[0018] the above after a rare earth-iron-boron system magnet alloy given in tihe examples 2-4 of 
JP,8-162312,A grinds a quenching thin band, it is the bidk object acquired by carr5ang out extrusion in 
the vacuum, and is applied to this invention flat - leaves a gestalt is different from rare 
earth-ixon-boron system magnet alloy particle powder. 

[0019] Then, this invention makes it a technical technical problem to obtain the foliaceous rare 
earth-iron-boron system magnet alloy particle powder of the flat tree for bond magnets which had the big 
residual magnetic flux density Br and the high coercive force iHc, consequentiy whose maximum 
magnetic energy (product BH) max was large, and was excellent in rust-proofing nature,, and was 
excellent in the leafing effectiveness. 
[0020] 

[Means for Solving the Problem] This invention as follows can attain said technical technical problem. 
[0021] Namely, this invention is rare earth-iron-boron system magnet alloy particle powder with which 
particle shape consists of a foliaceous particle of a flat tree. 50-460 micrometers and average thickness 
3-100 micrometers, [ the diameter of an average major axis] [ 60-500 micrometers and the diameter of an 



average minor axis ] the object for bond magnets 1.1*10, and whose average aspect ratio (the diameter of 
a major £ixis / thickness) an average axial ratio (the diameter of a major axis / diameter of a minor axis) is 
3-100 - flat leaves it is ** rare earth-iron-boron system magnet alloy particle powder. 
[0022] Moreover, for this invention, the alloy presentation of a rare earth-iron-boron system magnet alloy 
particle is formula RxFelGO-^x-yz-wCoyMzBw (however, R). A kind of the rare earth elements chosen 
from Nd, Pr, Dy, Tb, and Ce or two sorts or more, and M A kind of the element chosen from Ti, V, Cr, Zr, 
Nb, Mo, Hf, Ta, W, Mn, Cu, Ga, Ag, and Si or two sorts or more, x, and y, z and w Respectively 5<=x<=10, 
1.0<=y<=9.0, 0.1<=z<=5, 2<=w<=7, 9<= (x+w), 5 - < (y+z) - the hard magnetism crystal phase which 
consists of the soft magnetism crystal phase and Nd2Fel4Bl mold tetragonal-system crystal phase which 
have the presentation expressed and consist of one crystal phase of the mixed phases of alphaFe, the solid 
solution (alpha solid solution which consists of Fe and M), or the alphaFe and the sohd solution, 
respectively It has the sdloy organization which deposits in a soft magnetism amorphous phase, and, 
moreover, said soft magnetism amorphous phase is below 10 area % to all aUoy organizations. It is the 
foliaceous rare earth-iron-boron system magnet alloy particle powder of said flat tree for bond magnets 
said whose soft magnetism crystal phase is more than 10 area % to all the crystalline structures that 
doubled said soft magnetism crystal phase and said hard magnetism crystal phase and whose remainder 
is said hard magnetism crystal phase. 

[0023] Moreover, this invention is the foliaceous rare earth iron boron system magnet alloy particle 
powder of the flat [ coercive force iHc / 3.5 or more kOes and a residual magnetic flux density Br ] tree for 
said bond [ one 9.5 or more kGs and whose maximiua magnetic energy (product BH) max are 13 or more 
MGOes of ] magnets, 

[0024] Moreover, this invention is formula RxFeIOO"x-y-z-wCoyMzBw (however, R). A kind of the rare 
earth elements chosen from Nd, Pr, Dy, Tb, and Ce or two sorts or more, and M A kind of the element 
chosen from Ti, V, Cr, Zr, Nb, Mo, Hf, Ta, W, Mn, Cu, Ga, Ag, and Si or two sorts or more, x, and y, z and w 
Respectively 5<=x<=10, 1.0<=y<=9.0, 0.1<=z<=5, 2<=w<=7, 9<= (x+w), 5 - < (y+z) - the presentation 
expressed - the rough alloy manufactured so that it might become comparatively After carrying out the 
heating dissolution and considering as an alloy molten metal, the alloy molten metal concerned is made to 
flow out of a nozzle. The drop of an alloy molten metal is made to generate by spraying gas on the outflow 
alloy molten metal concerned. It considers as the quenching congelation particle powder which is made to 
carry out cooling coagulation and consists of a foliaceous particle of a flat tree by making this drop coUide 
with the firont face of the rotation cooling object of the cone mold arranged in the flow direction of the drop 
concerned, or a disk mold before the drop concerned congeals. Subsequently It is the manufacturing 
method of the foliaceous rare earth-iron-boron system magnet alloy particle powder of one which is 
characterized by heat-treating the quenching congelation particle powder concerned in a 600-850-degree 
C temperature requirement of said flat trees for bond magnets. 

[0025] moreover, this invention - said object for one of bond magnets - flat - leaves - the bond magnet 
which comes to distribute ** rare earth-iron-boron system magnet alloy particle powder in binder resin 
it is being concerned -- flat leaves -• ** rare earth-iron-boron system magnet aUoy particle powder is 
the bond magnet characterized by 85 ■ 99% of the weight of the thing which it comes out comparatively 
and is done for mixed combination. 

[0026] It will be as follows if the configuration of this invention is explained in more detail. 

[0027] First, the foliaceous rare earth iron-boron system magnet alloy psirticle powder of the flat tree for 



bond magnets concerning this invention is described. 

[0028] The flat tree of the particle shape of the particle which constitutes the rare earth-iron-boron 
system magnet alloy particle powder for bond magnets concerning this invention is fohaceous. Preferably 
the diameter of an average major axis of the powder concerned 60-500 micrometers 80-500 micrometers, 
It is 100-500 micrometers more preferably. The diameter of an average minor axis 50-460 micrometers, 
70-460 micrometers is 85-460 micrometers more preferably. It is 1.1-3 more preferably, average thickness 
" 3-100 micrometers - desirable - 5-95 micrometers it is an average axial ratio (the diameter of a 
major axis / diameter of a minor axis) - 1.1-10 - desirable 1.1-5 - an average aspect ratio (the diameter 
of a major axis / thickness) " 3-100 -- desirable 3-50 -• it is 3-30 more preferably. 

[0029] The alloy presentation of the particle which constitutes the foUaceoiis rare earth-iron-boron system 
magnet alloy particle powder of the flat tree for bond magnets concerning this invention is described. 
[0030] Said alloy presentation is expressed with formula RxFelOO-x-y-z-wCoyMzBw. R is a kind of the 
rare earth elements chosen from Nd, Pr, Dy, Tb, and Ce, or two sorts or more among a formula. If a 
residual magnetic flux density Br and coercive force iHc are taken into consideration, that with which 
other rare earth elements were mixed by Nd, Pr, a Nd-Pr alloy, and these is desirable, and Nd and Pr are 
the most desirable. However, even if rare earth elements other than the above are contained below 10 
atom % to the total amount of rare earth, it does not interfere. 

[0031] the amount of R 5<=x<=10 it is - desirable - 5.5<=x<=9 -- it is 6<=x<=8 more preferably. The 
amount of deposits of a hard magnetism crystal phase which consists of a Nd2Fel4Bl mold 
tetragonal-system crystal phase when x is less than five is inadequate, the amount of deposits of a soft 
magnetism crystal phase which consists of one crystal phase of the mixed phases of alphaFe, the sohd 
solution (alpha solid solution which consists of Fe and M), or the alphaFe and the sohd solution when 
coercive force is not set to 3.5 or more kOes but exceeds 10 is inadequate, and the high residual magnetic 
flux density beyond Br>=10kG is not obtained. 

[0032] The amount of Fe(s) is expressed with lOO-x y-z-w, and is 69 - 86% of range to all atoms. A residual 
magnetic flux density Br decreases in less than 69% of case, and 9.5 or more kGs made into the purpose of 
this invention are not obtained at it. When exceeding 86%, the amount of R and the amoxmt of C!o(es) will 
decrease relatively, and the coercive force iHc made into the purpose of this invention is not acquired for 
8.5 or more kOes. 

[0033] Co is an indispensable element which brings about improvement in coercive force, increase of 
magnetization, the improvement in rust-proofing nature, and improvement in the thermal stability by 
the rise of the Curie point with M element. 

[0034] the amount of Co(es) - 1.0<=y<=9.0 - it is - desirable 1.5<=y<=9.0 it is 2.0<=y<=9.0 more 
preferably. The rise of coercive force or the Curie poiat is not enough for the case of less than 1.0, and it is 
inferior to thermal stabihty. When exceeding 9.0, the fall of the residual magnetic flux density Br by 
reduction of an iron component becomes remarkable, and 10 or more kGs are not obtained. 
[0035] M is an element more than a kind chosen fiom Ti, V, Cr, Zr, Nb, Mo, Hf, Ta, W, Mn, Cu, Ga, Ag, and 
Si, can raise the crystal magnetic anisotropy of a hard magnetism crystal phase which consists of a 
Nd2Fel4Bl mold tetragonal-system crystal phase, and can acquire high coercive force according to the 
detailed-ized effectiveness of a deposit phase. Moreover, the soft magnetism crystal phase which consists 
of one crystal phase of the mixed phases of alphaFe, the sohd solution (alpha solid solution which consists 
of Fe and M), or the alphaFe and the solid solution can be stabilized, and the corrosion resistance of a 



■% 



bond magnet and thermal stability can be improved. 

[0036] Among said M elements, Mn, Cu, Ga, Ag, and Si can acquire higher coercive force according to the 
synergistic effect, if it adds with other M elements. 

[0037] the amount of M element - 0.1<=2<=5 - it is - desirable 0.2<=z<=4 it is 0.3<=z<=3.5 more 
preferably. It is deficient in the improvement effectiveness of coercive force, as a result inferior to the case 
of less than one at thermal stability. In exceeding 5, it causes the reduction of Br by reduction of an iron 
system component (Fe, Co). 

[0038] Among said M elements, while Ti, Zr, Nb, Hf, Ta, Si, and Ga contribute to improvement in coercive 
force, it can be easy to form an amorphous phase, an amorphous phase can remain in stability during an 
alloy organization, the magnet alloy particle powder with which rust-proofing nature was demonstrated 
can be obtained, and the bond magnet excellent in corrosion resistance is obtained by using this. 
[0039] an element indispensable since B constitutes the hard magnetism crystal phase which consists of a 
Nd2Fel4Bl mold tetragonal- system crystal phase it is - the amount - 2<=w<=7 ■- it is - desirable 
2.5<=w<=6.5 - it is 3<=w<=6.5 more preferably. The amount of deposits of a hard magnetism crystal 
phase which consists of a Nd2Fel4Bl mold tetragonal-system crystal phase becomes inadequate for the 
case of less than two, and it is not set to iHc>=3.5kOe. In exceeding 7, B becomes superfluous and causes 
reduction of a residual magnetic flux densily Br. 

[0040] The sum of the amount of R and the amotuat of B is 9<= (x+w), and is ten or more preferably. 
Sufficient soft magnetism amorphous phase by quenching is not formed in the case of less than nine, and 
heat treatment cannot realize iHc>=3.5kOe to it, either. If it takes into consideration holding the big 
residual magnetic flux density Br, as for the upper limit, 18 will be desirable, and it will be 17 more 
preferably. 

[0041] the sum of the amount of Co(es); and the amoimt of Ms - 5 < (y+z) it is - it is 5.5 or more more 
preferably 5.1 or more. As for the case of five or less, the effectiveness of raising coercive force and 
thermal stabihty becomes is hard to be acq\iired. If it takes into consideration holding the big residual 
magnetic flux density Br, as for the upper limit, 11 will be desirable, and it will be 10 more preferably. 
[0042] The alloy organization of the particle which constitutes the foliaceous rare earth-iron-boron system 
magnet alloy particle powder of the flat tree for bond magnets concerning this invention is described. 
[0043] The particle which constitutes the foliaceous rare earth-iron-boron system magnet alloy particle 
powder of the flat tree for bond magnets concerning this invention has the soft magnetism amorphous 
phase below 9 area % preferably below 10 area % to all alloy organizations. The lower limit of a soft 
magnetism amorphous phase is 1 area %. 

[0044] As a result of magnetic association by the magnetic exchange interaction committed between 
bi-phases being able to weaken since distance with a soft magnetism crystal phase or a hard magnetism 
crystal phase becomes large when a soft magnetism amorphous phase exceeds 10 area % in the 
two-dimensional observation visual field of all alloy organizations, the effectiveness of raising a magnet 
property rather is not acquired. If said rust-proofing efiiectiveness of a soft magnetism amorphous phase 
is taken into consideration, the lower limit will be 1 area % preferably. 

[0045] a soft magnetism amorphous phase ■■ eight to 20 atom % desirable - the rare earth of 9 - 15 
atom %, and 70 to 90 atom % - - it consists of boron of 5 • 18 atom % preferably the iron of 70 • 85 atom % or 
iron, an alloy with the above-mentioned element M, and below 22 atom %. Since this soft magnetism 
amorphous phase can control big and rough growth of crystal grain and can make a detailed crystal phase 



form in heating down stream processing for crystallization while it has soft magnetism, it can raise the 
hard magnetism of the whole alloy. 

[0046] Moreover, since each of a soft magnetism crystal phase and a hard magnetism crystal phase is 
carrying out the distributed deposit iato the soft magnetism amorphous phase at the shape of an island, 
since this soft magnetism amorphous phase encloses the perimeter of the soft magnetism crystal phase 
which mainly bears a magnetic role, or a hard magnetism crystal phase and it controls advance of 
oxidization, it can do so the eflfectiveness as a barrier which can prevent advance of rust, and can raise the 
rust-proofing nature of a magnet alloy particle . 

[0047] A soft magnetism amorphous phase can also expect enough effectiveness, such as a mechanical 
strength which an amorphous phase usually has, chemical resistance, and rust-proofing nature. 
[0048] The soft magnetism crystal phase in the foliaceous rare earth-iron-boron system magnet alloy 
particle powder of the flat tree for bond magnets concerning this invention consists of one crystal phase of 
the mixed phases of alphaFe, the sohd solution (alpha sohd solution which consists of Fe and M), or the 
alphaFe and the sohd solution, and is included more than 10 area % to all the crystalline structures that 
doubled the soft magnetism crystal phase and the hard magnetism crystal phase. The soft magnetism 
crystal phase has contributed to improvement in a residual magnetic flux density Br. In the case of under 
10 area %, the magnet alloy particle powder which has the big residual magnetic flux density Br made 
into the purpose of this invention caimot be obtained. If the ratio of the hard magnetism crystal phase 
which bears the role which raises coercive force iHc is taken into consideration, the upper limit has 
desirable 90 area %. 

[0049] The diameter of average crystal grain of a soft magnetism crystal phase has desirable 5-lOOnm, 
and it is the range of 10-50nm more preferably. 

[0050] In a soft magnetism crystal phase, in addition to one crystal phase of the mixed phases of alphaFe, 
the sohd solution (alpha sohd solution which consists of Fe and M), or the alphaFe and the soHd solution, 
Fe3B, Fe2B and the sohd solution of these and M further the intermetalhc compound of Fe and M, 
such as Fe2Zr, - a state diagram - althoi^h it may be contained imescapable on a production process-h]ie, 
when obtaining the magnet alloy particle powder which has many properties made into the piunpose of 
this invention, esEpecially a problem does not become. 

[006 1] The hard magnetism crystal phase in the particle which constitutes the fohaceous rare 
earth'iron-boron system magnet alloy particle powder of the flat tree for bond magnets concerning this 
invention consists of a Nd2Fel4Bl mold tetragonal-system crystal phase, and is under 90 area % to all 
the crystalline structures. 

[0052] When exceeding 90 area %, a soft magnetism crystal phase decreases and the big residual 
magnetic flux density Br is not obtained. If the coercive force iHc value made iato the purpose of this 
invention is talcen into consideration, the lower limit has desirable 10 area %. It is 20 to 85 area % more 
preferably. 

[0053] Said hard magnetism crystal phase does so the effectiveness of making coercive force iHc 
discovering. Moreover, a part of M element enters into this hard magnetism crystal phase, raises an 
anisotropy constant, and may raise coercive force as a result. 

[0054] The minute compound phase which deposits impossibly in state diagram besides a Nd2Fel4Bl 
mold compound may be included in the hard magnetism crystal phase. 

[0055] The diameter of average crystal grain of a hard magnetism crystal phase has desirable 5-lOOnm or 



less, and it is the range of 10-50nm more preferably. 

[0056] 9.5 or more kGs of residual magnetic flux densities Br are 10.0 or more kGs preferably, 3.5 or more 
kOes of coercive force iHc have 4.0 or more kOes preferably, and, as for the foliaceous rare 
earth-iron-boron system magnet alloy particle powder of the flat tree for bond magnets concerning this 
invention, 13 or more MGOe(s) of maximum magnetic energy (product BH) max(es) have 15 or more 
MGOes preferably. For a residual magnetic flux density Br, 13kG(s) and coercive force iHc are [ 8kOe(s) 
and maximum magnetic energy (product BH) max of the upper limit ] 25MGOe(s). In addition, among the 
magnetic properties of the above-mentioned powder, it was computed by having carried out the density 
correction of the Br from Br of a green compact, and also performed count of (BH) max using this Br. 
[0057] Moreover, the rust-proofing nature of the foliaceous rare earth-iron-boron system magnet aUoy 
particle powder of the flat tree for bond magnets concerning this invention is JIS. Z Preferably, elapsed 
time until rusting occupies 10 area % is 60 hours or more more preferably, and as shown in a back 
appearance example compared with the conventional Nd-Fe-B system alloy particle powder, it is clearly 
excellent by the salt spray test method based on 2371, for 55 hours or more for at least 50 hours or more. 
[0058] Next, the manufacturing method of the foliaceous rare earth-iron-boron system magnet alloy 
particle powder of the flat tree for bond magnets concernii^ this invention is described. 
[0059] First, formula RxFelOO-x-yz-wCoyMzBw (however, E) A kind of the rare earth elements chosen 
from Nd, Fr, Dy, Tb, and Ce or two sorts or more, and M A kind of the element chosen from Ti, V, Cr, Zr, 
Nb, Mo, Hf, Ta, W, Mn, Cu, Ga, and Si or two sorts or more, x, and y, z and w A metal-like element raw 
material and/or an alloy-like raw material are blended, and the heating dissolution of this is carried out 
so that it may become comparatively respectively 5<=x<=10, l<=y<=9, 0.1<=z<=5, 2<=w<=7, 9<= (x+w), 
and 5 " < (y+z) - the presentation expressed *- subsequently The rough alloy of the above-mentioned 
presentation is obtained by carrjong out cooling solidification. 

[0060] As said metal-like element raw material, that what is necessary is just to use a commercial thing, 
the gestalt has the thing of various gestalten, such as the shape of powder, mass, and a piece, and tabular, 
and the all can be used for it. 

[0061] As said alloy-like raw material, there are ferro NEOJI, a misch metal, didym, etc. by ferroboron 
and rare earth elements by the boron element that what is necessary is just to use a commercial thing. 
The gestalt has the thing of various gestalten, such as the shape of powder, mass, and a piece, and tabular, 
and the all can be used for it. 

[0062] It is desirable to be able to perform said heating dissolution with a well-known arc solution process, 
a RF solution process, etc., and to carry out in inert atmospheres, such as inside of a vacuum and argon 
gas. 

[0063] Next, carry out the heating dissolution of said obtained rough aUoy, consider as an alloy molten 
metal, and, subsequently the alloy molten metal concerned is made to flow out of a nozzle. The drop of an 
aUoy molten metal is made to generate by spraying gas on the outflow alloy molten metal concerned. It 
considers as the quenching congelation particle powder which is made to carry out cooling coagulation 
and consists of a foliaceous particle of a flat tree by making this drop collide with the front face of the 
rotation cooling object of the cone mold arranged in the drop flow direction concerned, or a disk mold 
before the drop concerned congeals. Subsequently If the quenching congelation particle powder concerned 
is crystalized by he at- treatment, the foliaceous rare earthir on -boron system magnet alloy particle 
powder of the flat tree for bond magnets concerning this invention can be obtained. 



[0064] As for said melting temperature, it is [ that what is necessary is just to decide according to an alloy 
presentation ] desirable to usually heat at temperature higher 50 degrees C or more than the melting 
point of said rough alloy. 

[0065] As said gas to spray, inert gas is desirable, for example, is gaseous hehum, argon gas, etc. It is 
argon gas preferably, the pressure of the gas to spray - 5 - 200 kgf/cm2 - it is 10 - 100 kgf/'cm2 preferably. 
When exceeding 200 kgf/cm2, by the time a cooling rate becomes quick too much and a drop reaches a 
rotation cooling object, cooling coagulation may arise. 

[0066] The configuration of said rotation cooling object is a cone mold or a disk mold. It is the cone mold 
which the desirable foUaceous particle of a flat tree tends to obtain. Moreover, the rotational frequency of 
said rotation cooling object is 3000 ■ 12000rpm preferably 1000 to 20000 rpm. When a rotational 
frequency is less than 1000 rpm, the quenching congelation particles obtained become easy to lap, it may 
become a massive particle, and cooUng coagulation by quenching is not fully performed, but generating 
[ of a soft magnetism amorphous phase ] becomes inadequate. Moreover, the consistency of the magnet 
powder of a bond magnet is no longer obtained, fully. In addition, when making the drop of an alloy molten 
metal colhde with the rotation coohng object of a disk mold, as for the collision place, it is desirable to 
consider as the part shifted a littie to the circumferencial direction from the revolving shaft of the rotation 
coohng object of a disk mold. 

[0067] Moreover, the heating dissolution of said rough alloy, cooUng solidification and the heating 
dissolution for the second time, and cooling coagulation with a rotation cooling object may be continuously, 
performed within the same equipment as occasion demands. 

[0068] In addition, cooling coagulation with a rotation cooling object may be directly performed within the 
same equipment from the heating dissolution of each raw material of said metal-hke element raw 
material and/or said alloy-like raw material, without carrying out coohng solidification in advance. 
[0069] In addition, in cooling coagulation with a rotation cooling object, since the drop formed in early 
stages tends to become comparatively large, it is desirable not to extract the quenching congelation 
particle powder obtained in early stages, or to remove a big and rough particle by a classification etc. 
subsequently. Moreover, since the drop formed micrifies and also atomizes the quenching congelation 
particle powder obtained when the alloy molten metal which remains has decreased, as for the quenching 
congelation particle powder obtained just before termination, it is desirable not to extract or to remove a 
particle component by a classification etc. 

[0070] The particle which constitutes the quenching congelation particle powder obtained by cooling 
coagulation with said rotation cooling object mainly includes an amorphous alloy organization. 
[0071] This amorphous alloy organization shows a broadcloth peak according to an X di£fr action, and can 
check with the halo pattern of the electron diffiraction by the transmission electron microscope (TEM). In 
addition, to include a crystal phase partially without obtaining an amorphous alloy organization 100% 
depending on an alloy presentation, but since the purpose of this invention can be attained, what is 
necessary is just sufficient amount. 

[0072] This amorphous alloy organization has soft magnetism, and in order that it may control big and 
rough growth of crystal grain and may enable formation of a detailed crystal phase in the heat treatment 
process for crystallization with that magnetic role, it is bearing the important role which raises the hard 
magnetism of the whole alloy. 

[0073] Said heat-treatment is performed in a 600-850-degree C temperature requirement. In the case of 



less than 600 degrees C, the hard magnetisiii crystal phase which consists of a Nd2Fel4Bl mold 
tetragonal- system crystal phase does not deposit enough, and the coercive force of 3.5 or more kOes is not 
acquired. When exceeding 850 degrees C, the big and rough growth of a soft magnetism crystal phase 
which consists of one crystal phase of the mixed phases of alphaFe, the solid solution (alpha soUd solution 
which consists of Fe and M), or the alphaFe and the solid solution becomes remarkable, the ratio of the 
soft magnetism amorphous phase in which it is hard coming to be discovered of coercive force, and it 
remains falls remarkably, and rust*proofing nature becomes is hard to be demonstrated. In addition, 
what is necessary is just to choose suitably the optimal heating temperature for discovering good 
magnetic properties according to the alloy presentation of quenching congelation particle powder. 
[0074] Although there will be especially no problem if the ambient atmosphere in said heat-treatment is 
range which does not spoil the magnetic properties of the magnet alloy particle powder obtained, the 
inside of inert atmospheres, such as argon gas, or the vacurmoL of 10 to 1 or less Tbrr is desirable. 
[0075] The heating time in said heat-treatment has 10 desirable seconds or more at least, the deposit of 
soft magnetism crystal phase sufficient in less than 10 seconds and a hard magnetism crystal phase 
should do " as for the coercive force of 3.5 or more kOes, all tend to be obtained in order that a soft 
magnetism crystal phase may carry out big and rough growth, if there is an inclination which is not, and 
less than 1 hour is desirable in it being long and 1 hoiir is surpassed. 

[0076] A crystal phase is generated from an amorphous phase by said heat-treatment. It is required to 
heat so that the amorphous phase below 10 area % may be made to remain to all alloy organizations, 
without making an amorphous phase into a crystal phase completely at this time. 

[0077] As conditions for leaving an amorphous phase, it is necessary to set up the conditions of said 
heat-treatment so that a deposit and growth of a crystal phase may not result extensively. Moreover, since 
stabilization of an amorphous phase and growth suppression of a deposit phase can also be planned 
according to the effectiveness of an alloying element M, a setup of a suitable alloy presentation is also 
important. As an example of a heating approach, the flash plate aimealing method and the rapid 
heating-cooling method are mentioned, and the usual heat-treating method is also enou^ depending on 
an aUoy presentation. . - . - . 

[0078] the abundance of the amorphous phase which remains - desirable " one to 10 area % it is below 
9 area % more preferably. It is because magnetic association resulting from the exchange interaction 
committed between an amorphous phase and a crystal phase or among crystal phases can weaken imder 
by 1 area % when the effectiveness made into the aforementioned purpose is not acquired, and 
improvement in the rust-proofing engine performance cannot be expected, either but it exceeds 10 area %. 
[0079] Next, the bond magnet concerning this invention is described. 

[0080] The bond magnet concerning this invention comes to distribute the fohaceous rare 
earth-iron-boron system magnet alloy particle powder of the flat tree for bond magnets concerning this 
invention in binder resin, and, in addition to this, 85 • 99 % of the weight and the remaiader serve as [ the 
foliaceous rare earth-iron-boron system magnet alloy particle powder of this flat tree ] binder resin from 
an additive. Although it changes a littie with fabricating methods, in the case of an injection-molding 
bond magnet, its 96 - 98.5 % of the weight is more desirable, and when it is a calender shaping bond 
magnet, to it, 85 - 90 % of the weight is desirable [ the desirable rate of the fohaceous rare 
earth-iron-boron system magnet alloy particle powder of the flat tree for bond magnets concerning this 
invention / 88 - 93 % of the weight is desirable, and / when it is an extrusion-molding bond magnet, 85 - 



92 % of the weight is desirable and / when it is a compression-molding bond magnet, 95 ■ 98.5 % of the 
weight is desirable and ]. 

[0081] 7.0 or more kGs of residual magnetic flux densities Br are 7,2 or more kGs preferably, 3.5 or more 
kOes of coercive force iHc have 3.7 or more kOes preferably, maximum energy product (BH) max has 9.7 
or more MGOes, and, as for the bond magnet concerning this invention, 9.5 or more MGOes of 
consistencies have three or more [ 6. Ig //cm ] preferably. 

[0082] In addition, under the environment of 80 degrees C and 90% relative humidity, at least 120 hours 
or more have desirable elapsed time until rusting occupies 10 area %, and the corrosion resistance of the 
bond magnet concerning this invention has 130 more desirable hours or more. 
[0083] Next, the manufacturing method of the bond magnet concerning this invention is described. 
[0084] It can mix [ binder resin and ], and the bond magnet concerning this invention can knead the 
foliaceous rare earth-iron-boron system magnet alloy particle powder of the flat tree for bond magnets 
concerning this invention, and can obtain it by carrying out fabrication of this kneading object by the 
method of fabricating common knowledge, such as injection molding, extrusion molding, compression 
molding, or calender shaping. 

[0085] Many things can be chosen by the fabricating method, as said binder resin, when it is injection 
molding, extrusion molding, and calender shaping, thermoplastics can be used, and thermosetthig resin 
can be used when it is compression molding. As said thermoplastics, resin, such as a nylon (PA) system, a 
polypropylene (PP) system, an ethylene vinyl acetate (EVA) system, a polyp henylene sulfide CPPS) system, 
a hquid crystal resin (LCP) system, an elastomer system, and a rubber system, can be used, and resin, 
such as an epoxy system and a phenol system, can be used as said thermosetting resin. 
[0086] The mixed rate of the foliaceous rare earth-iron -boron system magnet alloy particle powder of the 
flat tree for bond magnets concerning said this invention is 85 - 99 % of the weight, although the optimal 
mixed rate changes a little with fabricating methods, in injection molding, its 88 - 93 % of the weight is 
desirable, its 85 - 92 % of the weight is desirable in extrusion molding, its 96 - 98.5 % of the weight is 
desirable in compression molding, and its 85 * 90 % of the weight is desirable in calender shaping. The 
bond magnet which there are too few rates of magnet alloy particle powder for less than 85% of the weight 
of the case, and has sufELdLent magnetic properties in it is not obtained. The upper limit of the mixed rate 
of the magnet alloy particle powder in said each fabricating method can be determined based on the 
demand of the fluidity of a kneading object with the binder resin in which each shaping is possible, or 
mixture, or the mechanical strength of a moldings. 

[0087] In addition, in order to face manufacturing a bond magnet, to make shaping easy or to fully pull 
out magnetic properties, the additive of common knowledge, such as a plasticizer, lubricant, and a 
coupling agent, other than binder resin may be used as occasion demands. 

[0088] That these additives should just choose a sxdtable thing according to the purpose, as a plasticizer, 
the commercial item according to each use resin can be used, and the total quantity can use about 0.01 ■ 
5.0 % of the weight to the binder resin to be used. 

[0089] As said lubricant, stearin acid, its derivative, inorganic lubricant, an oil system, etc. can be used, 
and about 0.01 - 1.0 % of the weight can be used to the whole bond magnet. 

[0090] As said couphng agent, use resin and the commercial item according to a filler can be used, and 
about 0.01 • 3.0 % of the weight can be used to the binder resin to be used. 

[0091] said mixing mixers, such as a Henschel mixer, a V character mixer, and NAUTA, etc. it can 



carry out kneading ■- a 1 shaft kneading machine, a 2 shaft kneading machine, and a mortar - a type 
kneading machine, an extrusion kneading machine, etc. can perform. 

[0092] The moldings obtained by carrying out fabrication by said fabricating method can be used as tie 
bond magnet concerning this invention electromagnet magnetization and by carryiag out pulse 
magnetization according to a conventional method. 
[0093] 

[Embodiment of the Invention] The gestalt of typical operation of this invention is as follows. 
[0094] The particle shape of the particle which constitutes rare earth-iron-boron system magnet alloy 
particle powder judged by performing appearance observation by the electron microscope. Moreover, 
calculation of the diameter of an average major axis of particle powder, the diameter of an aversage minor 
axis, and average thickness was shown by the result of having measured about 30 particles shown in the 
electron microscope photograph expanded by 100 times. 

[0095] The phase structure of the alloy organization of. the particle which constitutes rare 
earth -iron-boron system magnet alloy particle powder was observed and measured using high-resolution 
transmission-electron-microscope HR-TEM (JEOL C!o., Ltd. make), a nano beam electron diffiractograph 
(JEOL Co., Ltd. make), an energy dispersive X ray analyzer EDX (JEOL Co., Ltd. make), and X-ray 
diffractometer (Eligaku Industrial Corp.) (target- iron). 

[0096] Magnetic structmre of said alloy organization was considered as the check of magnetic structure by 
identification of a crystal phase by the electron diffraction which used the above-mentioned nano beam 
electron diffractograph. That is, it checked that it was soft magnetism by identifying alphaFe mold 
crystal and a Fe3B mold crystal. Similarly, it checked that it was hard magnetism by identifying a 
Nd2Fel4Bl mold tetragonal-system crystal phase. 

[0097] Area % of said alloy organization is set to observation by a transmission electron microscope (TEM) 
etc., and means the area rate within a two-dimensional visual field. 

[0098] The value measured by the chemical analysis showed the chemical composition of the particle 
which constitutes rare earth-iron-boron system magnet alloy particle powder. 

[0099] The value measured with the sample oscillatory type magnetometer VSM (Riken electronic 
incorporated company make) showed the magnetic properties of rare earth-iron-boron system magnet 
alloy particle powder. 

[0100] Moreover, beforehand, after the magnetic properties of a bond magnet gave pulse magnetization of 
about 50 kOe(s), the value measured by the B-H curve tracer Clbei Industry, Inc. make) showed them. 
[OlOl] The Curie point of rare earth-iron-boron system magnet alloy particle powder was performed, by 
measuring the temperature change of magnetization using the equipment which set to the sample 
oscillatory type magnetometer VSM (Toei Industry, Inc. make) the case and heating heater as for which 
the sample bearing bar and device under test by the quartz with a thermocouple are made to a vacuum 
ambient atmosphere. That is, after magnetizing a device imder test in the magnetic field of 10 or more 
kOes, temperature was raised applying the magnetic field of IkOe, the value of the magnetization 
accompanying a temperature rise was recorded, and temperature of the point that the magnetization 
curve of a hard phase intersected the magnetization curve of a software phase clearly was made into 
Cxirie temperature. 

[0102] The rust-proofing nature of magnet alloy particle powder is JIS. Z It carried out by the salt spray 
test approach based on 2371. That is, it took out for every fixed time amount, the existence of rusting and 



the situation of an increment and expansion of a rusting point were observed with the scanning electron 
microscope OSEM), and elapsed time until rusting occupies 10 area % showed. 

[0103] When rusting is carried out in between or how it sets to an observation side, and a rusting point is 
increased and expanded estimated the corrosion resistance of a bond magnet under the environment of 80 
degrees C and 90% relative humidity. It is the optical microscope visu£il field of being 50 times many as 
this, quantitatively, and elapsed time until rusting occupies 10 area % showed. 

[0104] After the consistency of a bond magnet cooled enough the cylindrical compression-molding bond 
magnet after hardening in room temperature of about 25 degrees C, it measured the height and 
cross- section diameter of the cylinder in a three or more place micrometer, respectively, and calculated 
the cylindrical volume firom the average. Next, the value which measured the weight of the 
compression-molding bond magnet concerned with the electronic balance, and **(ed) the weight value (g) 
with bulking value showed. 

[0105] Hereafter, manufacture of rare earth-iron-boron system magnet alloy particle powder is explained 
using drawing 1 . First, so that it may become the presentation of Nd7Fe83.5Co4NblGa0,5 B4 by the 
atomic ratio 169.2g (99.9% of purity) (Product made from a Japanese Yttrium) of metal neodium pieces, 
the piece of metal iron (electrolytic iron, 99.9% of purity) (Showa Denko Make) - 766, 6g the piece of metal 
cobalt (99.9% of purity, Sumitomo Metal Mining Co., Ltd. make) - 38.76g and the piece of a metal 
niobium - 15.24g and the piece of a metal gallium 5.73g and the piece of crystal boron - weighing 
capacity of the 7. 13g was carried out, respectively, and AUW was set to about 1kg. These were cast in the 
RF dissolution in the argon gas reduced pressure ambient atmosphere, and the 1kg rough alloy was 
obtained. 

[0106] Next, 1kg of obtained rough alloys was put into the crucible 1 made from an aliimina, melting was 
carried out at 1350 degrees C by high-frequency heating, and it considered as the alloy molten metal 2. 
Outflow dropping of this alloy molten metal 2 is carried out from the nozzle 3 made from an alumina, 
argon gas 4 was sprayed by the pressure of 20kg/cm2, and the drop 6 of an alloy molten metal was made 
to form from the atomization nozzle 5 to the dropped alloy molten metal 2. The drop 6 of this alloy molten 
metal was made to collide with the copper cone rotation cooling object 7 of diameter of roU 200mmphi 
arranged in the flow direction of this drop, 120 cone angles, and rotational frequency 7200rpm, and the 
quenching congelation particle powder 8 was obtained. 

[0107] The obtained quenching congelation particle powder was what has 15 micrometers in 250 
micrometers of diameters of an average major axis, 150 micrometers of diameters of an average minor 
axis, and average thickness, the average 1.7 of the ratio of the diameter of a minor axis, and the diameter 
of a major axis, and the shape property of the average aspect ratio 17. It has checked that it was the 
quenching congelation particle powder which consists of a foHaceous particle of a flat tree as it was shown 
in the scanning electron microscope photograph (x85) of drawing 2 , when observation according this 
powder to a scanning electron microscope was carried out. 

[0108] The obtained quenching congelation particle powder showed the peak [ broadcloth on the whole ] 
as a resxdt of the X diffraction. As a result of examining this X diffraction result and a high-resolution 
transmission electron microscope observation result collectively, it has checked that most consisted of an 
amorphous phase at least, moreover, the result of having measured the configtiration element ratio of this 
alloy particle powder by the chemical analysis - Nd7Fe83.5CoNblGa0 B4 it is it was checked that it is 
almost equal to a preparation presentation ratio. 



[0109] The above-mentioned quenching congelation particle powder was enclosed with the quartz tube 
under the vacuum of 5xlO-2Torr, and heat-treatment was performed for 3 minutes at the temperature of 
750 degrees C. The clear peak based on two kinds of crystal structiures, alphaFe mold (peak expressed 
with A) and Nd2Fel4Bl mold (peak expressed with B), was detected as a result of the analysis of the X 
diffiraction pattern which shows the rare earth-iron-boron system alloy particle powder after this heat 
treatment to drawing 3 obtained as a resiQt of X diffraction measiarement. Moreover, from the electron 
diffraction pattern shown in drawing 4 , there is a halo which shows existence of an amorphous phase 
with the spot which shows crystallinity, and or and remaining were ****(ed) a little also for the 
amorphous phase. 

[Olio] About the rare earth-iron-boron system alloy particle powder after the above-mentioned heat 
treatment, the fine structure was observed using the high-resolution transmission electron microscope, 
the nano beam electron diffractograph, and the energy dispersive X-ray anal3^er. Consequently, tiie hard 
magnetism crystal phase in which the soft magnetism crystal phase in which an alloy organization 
contains alphaFe is 72 area % extent^ and contains Nd2Fe 14B1 to all crystal phases was 28 area % 
extent to all crystal phases, and when total of these crystal phases made the whole two-dimensional 
visual field 100 area %, it was 91 area % to aU alloy organizations. Therefore, the remaining 9 area % was 
a soft magnetism amorphous phase. 

[Olll] Moreover, the range of the diameter of crystal grain of the soft magnetism crystal phase containing 
alphaFe or the solid solution is 20-45nm, the range of the diameter of crystal grain of the hard magnetism 
crystal phase containing Nd2Fel4Bl mold was 15-40nm, the deposit of each phase was promoted by heat 
treatment from the mixed phase of the crystal phase before heat-treatment, and an amorphous phase, 
and it was observed that crystal growth has also happened. Furthermore, each element of Nd and B was 
condensed by the residual amorphous phase, and it has checked to it that they are 11.3 atoms % and 7.8 
atoms %, respectively from the analysis result 

[0112] As a result of measuring the room temperature magnetic properties of the rare earth-iron-boron 
system alloy particle powder after the above-mentioned heat treatment with a sample oscillatory type 
magnetometer, for coercive force iHc, 4.7kOe(s) and a residual magnetic flux density Br were [ 11.2kG(s) 
and maximum magnetic energy (product BH) max ] 17.4MGOe(s). 

[0113] Moreover, in order to investigate the rust-proofing engine performance of the rare earth-iron-boron 
system magnet alloy particle powder obtained the account of a top, the salt spray test was performed and 
the rate of surface ratio of the rust which takes out every 12 hours and is occupied on the foliaceous 
particle front face of a flat tree was observed with the scanning electron ndcroscope. Consequently, 
elapsed time imtil rusting occupies 10 area % is 72 hours after, and it has checked that the 
above-mentioned rare earth magnet.alloy particle powder was excellent also in rust-proofing nature. 
[0114] After melting the 98g of the above-mentioned rare earth-iron-boron system magnet alloy particle 
powder, and epoxy resin XW-2214(trade name, Japan pel NOx incorporated company make) 2g by the 
methyl ethyl ketone of optimum dose and often mixing rare earth alloy particle powder, the desiccation 
evaporation of the methyl ethyl ketone was carried out, and it considered as the mixture for compression 
molding (it is equivalent to 98 % of the weight of rare earth aUoy particle powder, and 2 % of the weight of 
epoxy resins.). 

[0115] The 3.3g of the above-mentioned mixture was put into the press fixture for cylindrical samples 
with a diameter of 10mm, it pressed by the pressure of about 7 ton/cm2, and the cylindrical green compact 



% 



with a diameter [ of 10mm ] and a die length of about 7mm was obtained. 

[0116] The above-mentioned green compact was heat-treated at 150 degrees C for 1 hour, the epoxy resin 
was stiffened, and the compression-molding bond magnet of 3 was obtained the consistency of 6.3g/cia. 
[0117] After magnetizing about 50 kOe(s) with a pulse magnetization machine to the 
compression-molding bond magnet obtained the accoimt of a top; as a result of measuring the magnet 
property of a room temperature with a B-H marker, for the residual magnetic flux density Br, 9.1kG(s) 
and coercive force iHc were [ 4.6kOe(s) and maximum magnetic energy (product BH) max ] 10.5MGOe(s). 
[0118] 

[Fxmction] The most important point makes the drop of an alloy molten metal generate by spraying gas 
on an outflow alloy molten metal in this invention. The process of grinding of the rare earth-iron-boron 
system magnet alloy particle powder which consists of a foliaceous particle of a flat tree by carrying out 
cooling coagulation using the rotation cooling object of the cone mold arranged in the flow direction of the 
drop concerned or a disk mold before the drop concerned congeals is not needed. It is the fact that it can 
obtain very efficient. 

[0119] the object for bond magnets concerning this invention flat -- leaves - the particle shape of ** rare 
earth iron-boron system magnet alloy particle powder is not a curved surface flat leaves powder 
covers, since it is a **, it can excel in the leafing effectiveness which is effectiveness, and can be made 
high restoration at the time of bond magnet manufacture, consequently big saturation magnetic flux 
density can be obtained. 

[0120] Moreover, this invention person considers that why the rare earth-iron-boron system magnet aUoy 
particle powder excellent in rust-proofing nature is obtained is because an amorphous phase encloses the 
perimeter of the soft magnetism crystal phase which mainly bears a magnetic role, or a hard magnetism 
crystal phase, and exists and the moderate amoiuat moreover stabilizes and exists. 

[0121] In addition, when performed by the conventional single roll method as an approach of producing 
the rare earth magnet alloy particle powder for bond magnets, thickness is irregular, and a thin band 
with a curved surface needs to be made and it is necessary to grind and use this at the time of bond 
magnet manufacture. Moreover, for spherical particle powder being obtained and filling up high density, 
when performed by the atomization method, it is unsuitable, also when this is ground, it becomes the 
particle of an indeterminate form, and it is not suitable for filling up high density. 

[0122] By the way, the manufacturing method (JP, 2-34706, A, JP, 2-93007, A) which obtains thin film 
integrated circuit powder, such as glass powder and stainless steel powder, as the pigment for coatings or 
a filler for plastics is known. In this manufacturing method, by carrying out cooUng coagulation of the 
drop of melt with an umbrella type, a horning die, or a disc-like rotation cooling object, thin film 
integrated circuit powder is obtained, the leafing phenomenon arranged in parallel with a paint film side 
happens good, a paint film side is covered without a clearance, and good corrosion resistance and 
weatherability are given. 
[0123] 

[Example] Next, the example of a comparison is given in an example List. 
Examples 1-27, examples 1-3 of a comparison; 

[0124] Rare earth magnet alloy particle powder was obtained like the gestalt of implementation of said 
invention except having changed various the <manufacture of rare earth-iron-boron system magnet alloy 
particle powder> example 1 - 27 manufacture alloy presentation, the rotational frequencies of the rotation 



cooling object in the production process of alloy particle powder and spraying argon gas pressure, and 
subsequent heat treatment temperature. 

[0125] The rare earth magnet alloy particle powder obtained in the examples 1-27 observed the phase 
structure of an alloy organization as well as the gestalt of implementation of said invention. 
[012G] Consequently, the hard magnetism crystal phase in which the soft magnetism crystal phase 
containing alphaFe is the range of 18 • 75 area %, and contains Nd2Fe 14B1 to all crystal phases was the 
range of 90 ■ 99 area % to all aUoy organizations, when it is the range of 25 ■ 82 area % and total of these 
crystal phases made the whole two-dimensional visual field 100 area % to all crystal phases. Therefore, 
the soft magnetism amorphous phase was the range of 1 * 10 area %. 

[0127] Moreover, the diameter of crystal grain of the soft magnetism crystal phase which consists of one 
crystal phase of the mixed phases of alphaFe, the solid solution (alpha solid solution which consists of Fe 
and M), or the alphaFe and the solid solution It is the range of 5*100nm, and the range of the diameter of 
crystal grain of the hard magnetism crystal phase which consists of a Nd2Fel4Bl mold tetragonal- system 
crystal phase was 5-lOOnm, each phase deposited by heat treatment firom the amorphous phase before 
heat-treatment, and crystalliziag was observed. Furthermore, rare earth and each element of B were 
condensed by the residual amorphous phase, and it has checked to it that they are the range of 10 • 15 
atom % and the range of 7 - 9 atom %, respectively firom the analysis result. 

[0128] Many properties of the rare earth-iron-boron system magnet alloy particle powder obtained in 
Table 1 and 2 in the main manufacture conditions at this time aie shown lq Table 3 and 4. 
[0129] The example 1 (single roll type melt quenching method^ Japanese Standards Association issue 
"talk of amorphous metal" (1988) the 36- 37 pages) of a comparison 

This molten metal was thinly extended on the periphery front face of the rotation cooling object of the roU 
mold which obtain an alloy molten metal hke the gestalt of implementation of said invention, and this 
alloy molten metal is made to flow out of a nozzle with gas pressure, is arranged ra the outflow direction 
of the alloy molten metal concerned> and rotates to a lengthwise direction, and it made thin band-like one 
carry out cooUng coagulation except having considered as the alloy presentation of an example 20. The 
obtained cooling congelation was a thin band with a thickness of 30-50 micrometers. The thin object 
concerned was used as powder 500 micrometers or less using machine grinding and a screen. The particle 
shape of this powder was GAREKI-like as a result of electron microscope observation. The manufacture 
conditions and many properties of GAREEI-like powder which were acquired are shown in Tables 2 and 4. 
[0180] The cooling congelation was obtained like the gestalt of implementation of said invention except 
having considered as the alloy presentation of example of comparison 2 example 20, and having not 
sprayed gas on an outflow aUoy molten metal in generation of quenching congelation particle powder. 
This cooling congelation has the uneven thickness of about 100 micrometers thru/or about 1mm, and was 
presenting the tabular gestalt at which it swerved and turned so that it might lenticulate. The 
coagulation object concerned was used as powder 500 micrometers or less using machine grinding and a 
screen. Powdered manufacture conditions and many properties which were acquired are shown in Tables 
2 and 4. 

[0131] The example 3 (the gas atomizing method: Maruzen issue "a metal handbook" (the 932-933rd 
pages of 1990 issue)) of a comparison 

Except having considered as the alloy presentation of an example 20, obtained the alloy molten metal like 
the gestalt of implementation of said invention, this alloy molten metal was made to flow out of a nozzle, 



and the inside of such a siifficiently large chamber that it does not coUide until it makes the drop of an 
alloy molten metal generate and the drop concerned congeals by spraying gas on the outflow alloy molten 
metal concerned was flown. During the flight, the rapid solidification of the above-mentioned drop was 
carried out, and it fell. The obtained body was spherical powder which has the diameter of several 
micrometers thru/or the large particle size distribution of the range of hvmdreds of micrometers. 
Powdered manufacture conditions and many properties which were acquired are shown in Tables 2 and 4. 
[0132] 
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[0133] 
[Table 2] 
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[0134] 
[Table 3] 
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[0135] 
[Table 4] 
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[0136] <Bond magnet with which rare earth-iron-boron system magnet alloy particle powder is mixed> 
The bond magnet was obtained like the gestalt of implementation of said invention except having 
changed various classes of examples 28-54 and magnet alloy particle powder used example of comparison 
4-6. 

[0137] The main manufacture conditions and many properties at this time are shown in Table 5. 

[0138] 

[Table 5] 
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[0139] For 7.2 • 9.3kGaiiss and maximum energy product (BH) max, 9.5 - 12.5MGOe and a consistency 
were [ coercive force iHc / 3.7 • 6.4kOe and a residual magnetic flux density Br / 6.2 - 6.5 g/cm3 and the 
corrosion resistance of the bond magnet obtained in the example of this invention ] 132 - 212 hours. 
[0140] 

[Effect of the Invention] Since the foliaceous rare earth-iron-boron system magnet alloy particle powder of 
the flat tree for bond magnets concerning this invention has the big residual magnetic flux density Br and 
the high coercive force iHc, consequently its maximum magnetic energy (product BH) max is large, and it 
is excellent in rust-proofing nature and excellent in the leafing effectiveness, it is suitable as a charge of 
high performance bond magnet material. 

[0141] And under 10 atom %, since it is few, the amount of rare earth can obtain the foliaceous rare 
earth-iron-boron system magnet alloy particle powder of the flat tree for bond magnets concerning this 
invention in favor of economical and an industrial target. 

[0142] Furthermore, the bond magnet obtained using the foliaceous rare earth-iron-boron system magnet 
alloy particle powder of the flat tree concerniiig this invention It originates in the foliaceous rare 
earth-iron-boron system magnet alloy particle powder of the flat tree to be used having many 
above-mentioned properties. Since the consistency is large, while it has the big residual magnetic flux 
density Br and the high coercive force iHc, consequently maximum magnetic energy (product BH) max is 
large, and excellent in corrosion resistance, and being able to miniaturize, it is usable for various 
apphcations. Therefore, it can be said that the industrial availabihty of this invention is very large. 



[Translation done.] 



* NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1, This docximeat has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3 .In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing X\ It is the schematic diagram of the equipment which manufactures the foliaceous rare 
earth-iron-boron system magnet alloy particle powder of the flat tree in the gestalt of implementation of 
invention. 

[JDrawing 21 It is the scanning electron microscope photograph Cx85) in which the particle shape of the 
particle which constitutes the foliaceous rare earth-iron-boron system magnet alloy particle powder of the 
flat tree obtained with the gestalt of implementation of invention was shown. 

[Drawing 3l It is the X diffraction pattern which showed the crystal structure of the particle which 
constitutes the foliaceous rare earth-iron-boron system magnet alloy particle powder of the flat tree 
obtained with the gestalt of implementation of invention. 

[Drawwg 4l It is the electron dif&action pattern in which the crystal structure of the particle which 
constitutes the foliaceous rare earth-iron-boron system magnet alloy particle powder of the flat tree 
obtained with the gestalt of implementation of invention was shown. 
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(BH) nax!*^!- 6~2. 3MGO egSf-efeoT. 

« $H3I8III©/J^ • gi^klwfi+^J-/j: t>©-ett;fe 

[0006] W5<o%m^\thf&mm\:.^<Dm^\ii.t 

«5i:;i5*5;i;<, 1 9 8 2¥l-^&±®5c^©rt-e1>Jt 

■^^^s, B-icit^m^m («c) i:*a-^^7-'v*-i?-x 

b t::^:©B£fl4#t*©ifi]±Sr*ft-C^&±«-^-jK n 

5:Sl:^7'yi^^^K:E'a■^©M«*s$;J.^-t»$,5, -gi5f± 
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1 0 0 0 7 1 M^^y^Zf]) l^i^m^)i. m ( a F e ) 

[0 0 0 8] IP*,. N d*|(D^±«l:;6S 1 Glg^%*Ji 

(KA^) © J: 5 }c N d *P©^&±Sft*!'fl;^fi?&afiKJj: 

ifiv^l o~i 5;il^^%ro#^±a-«fe-7^?^v^a5-g•^ 

[0009] WIBN d^<^tr±«l:;55 1 0/S^%*^<^ 
#±«-^-jKn y Vi/a^-^^fctt, lie 

IKii^ifeS. mr*f±, -«!:lwi@!®?K^?B«B r^Sl 0~ 
1 3 k'Gt::*:tV^;6S^m;^ i He f±ig>8r 3. 5kOe* 20 

3, 5~7. 7kOe t Jfcgi^J^V''*^ ^^WflUR^^B 

rAU 0kG®S£j!.T-e*>5fcfc, "MQP" irifc'^^ 
i B^mmM^m b r v « f e ^ft:?^ l;iJt'<-C{S. 

[0 0 101 h:L^t;, ^±m-Wi—ff-v'yJkWS'^'^ 
^;£ttoiR^*>b> B.mm.im&B r iijfta;^; i hc© 

^&-Qrifi9. 5 k GJJI±. ^1^;^J i H c 3 . 5kO 
[0 0 1 1 1 Nd^OI&±SSr-^tPlK^-a-^lix 

[ 0 0 1 2 ] cT. N d ^C0^±iaS:-^tfa^-a'^(O « 

10 0 13] jKvK«^(*> Sl:5«&*Srife 

-a-?Pl«Jlg* i? j2=Ay-T?^Ji^-t- 5 ^ i: J; t) iSjtStbS 



2-34 7 0 6#^^O r. • • ^J|E|.ffi©l|&5fei LT 

a (BH) max?SriS*5r i*SBTtgi:/j:5, y 

(0 0 141 IP*)> ;^#/j:a®mm9S«B r ^:iSV^■»a 
(BH) niax*S:*:t<, ISflttJ^ffin, JLo, y-7^ . 

[0015] tiHa^ F e Sr^^:5^ (^^f L. 9 1 
*?i-efc5, ) iU iaXH:2SW±©*±ll7n3!l 

(R) (B) Sr^*-i-5^?^*^?K^«-^IC*i 

1 0ffia%EJlT®e:JK't4#^fBKffi^-&^. agl5;i5 

R-F e -•ajmrnmit-^fi^^'^tsm^w^t^hfii 

*^>.flS;5$t)|sf-f4^t?fe5 - (4*ra^8- 1 6 2 3 1 2# 
[0 0 16] 

r hS^^i^mtts i He i:Sr#L, a:*C^K^3: 
^/W^-a (BH) n,ax*S:'^#<. J. 

y-7^:^^^^lc®^^^c:^^±®-f^-J}fDV^^K 

[0 0 17] iPt>. Mffi#ll¥8-1 6 2 3 1 2^45^^ 

5J K:afi1K^?BftB riSO. 62~0. 97T (6. 
2-9. 7kG{C*gai-5» ) m&t)i¥Lc1fi 

0 . 1 6 ~ 0 . 2 1 M A/m (1. 25~2. 6kOe 
{C^aa-rS. ) (BH) 
xiSi9. 7~72. 0kJ/in3(2. 5 — 9. OMG 

1 H c iSffi-* 3 k O e i»@lK^5S^B r iSiS>* 1 
0 k GgfSi:^Sl/^t>©-C?i5ofc. 

[0 0 18] Wm#^3F8-l 6 23 1 2#^^(D|IJiS 
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10 0 19] ::»ctJ5c?^®a^5gSB 
r i H c i Sr=t -to^^. S:«cffi^3z 

[0 0 2 0] 

[0 0 2 11 in*>s *^Wf±, J|£^?^4ftd5<ssp;ic<7)||:K 

■Cfc-oT. ¥^*tt=g;iS6 o~5 0 0 m "^pi&Sttg 
*S5 0~4 6 0 Mm, ¥^*&ff$iS3~l 0 0 /x W-i^ 
ittJt (SSifl/Mfim) *S1. 1~1Q, ¥i^T^'<^ 

^-a-t^^O-^^l^^i^SlRxF eioo-x-y-z-wC o yMj 
Bv itctc.L. Rli, Nd, Pr, Dy. TbS.TJ'Ce 

V, Cr, Zr, Nb»Mo,Hf, Ta,W, M 

^10, 1. 0^yg9. 0, 0. l^z^5, 2 
^7, 9S (x+w) , 5< (y + z) ) "V^ib^i^^ 
mj^Sr^L, aFe. UF e tMtil^h 

i^Sta 5 ^a-lt^Sffi i:Nd2Fei4B iM^I^S 

-b, «{r1E©cattl^^H*gdS^-e-^^faSii6{cMbl 0S«% 
BfrlESIfS^dl^ ^ %r-d-:b«:/t^&lilSic^ U 1 0 9 

1 0 0 2 3 1 3tc|SKr±, i H c *S 3 . 5 k 

O e £i±, aS^^^S^B r 9 . 5 k GgAiXy^J::*: 
^^jo^/U-df-^ (BH) max^Jl 3MGO eiJ;l±-e*) 

[0 0 2 41 ^fc. ^RjF e ioo-x-y-2-wC 

OyMzBw (fc^5:L, Rf±, Nd, Pr, Dy, TbJ^ 

li; T i > V. C r , Z r . N b , Mo . H f , T a . 



5 

W. Mn, Cu, Ga. A gRrlS i i^^mtlhijim 

<D-mxit-nsi±. X. y, zST/wtt, -^-tb-etu, 

5^x^10. 1. O^y^S. 0. 0. l^zgS, 
2^w^7, 9^ (x+w) , 5< (y + z) ) V^t> 

mt L, ?kV^-C?. SKti?&®@^«£^^&5^S: 6 0 0~8 

[00251 ^ fcs :$:^K(±, WfSI'^-f tt*=>(D7}^i^ 
*S:l$-&^«J|gf tC^»L-CJfe5Jl?V m^E-CfcoT, 

20 3i5dS8 5~9 9fia:%(^#j-g-eM^ia-a'$ti/-c<<'>5;ii: 
[ 0 0 2 61 J: 0 i¥ L < SftWi-tbtf, 

[002 71 *-r> ;*:^l^ic.esf.^J^v Ka^ffliS¥*(0 

[00281 *^Bjjc#5;}?>' h'm:^m^±m-m-:^ 

¥*<^^*-(?fc iP . a^)|&5^<^¥*&«ft!i@«:6 0~5 0 
30 Glim, ff4U<r±8 0~5 0 0/xm, J:!J*F4b<tt 
1 O 0~5 0 0 MBi'^fooT, ^i^MW^ii5 0--4 6 
OMm, *f*L<tt7 0~4 6 OAtm, J;5if*b<tt 
8 5~4 6 OAtaTffcoTx ^^ff$»i3~l 0 0 /t 

S/'MlftS) 141. 1~1 0, Jif^L<ttl. 1-5, 
J;9»*b<ttl. 1~3T?*)0-C, ¥*aT;^'<i? hJt 

(ftttiS/J¥$) «:3~1 0 0, #f4L<tt3~5 0, 
J:t)»«L,<r±3~3 O-CfcSo 

[002 91 *l8BJJc#5st?v 

e 100-x-y-z-vt' 

OyMzBw^Cft^ttSo ^4^, Ri±^ Nd, Pr, D 

m&^±xh^. mmm^i^siB i-^^mt} i h c sr^is 

fnH, Nd, Pr, Nd-P r-^^W^CltlbfC^a© 

^&±^S7E*i5S)g-a-$JT.fcfc<OdSiff*L<, Nd, Pr*s 

60 V\ 
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[0 0 3 1 ] RftH. 5^x^l 0-Cfe?). iiF*L<ti 
5. 5^x^9. J:9*f*L<f±6^xS8-efe5. x 

j55 5*g§W*g-|Cf±. Nd2F ei4BiSiE:fe-fB^^B^Bl=i 

3. 5 kOe£A±fc;fe^-r» 1 0 a 

^^ffi(0^>fttH:iS^+5^-e, B r S 1 0 k G£A±OS^ 

[0032] FeStt^ 1 00-x-y-z-we*S 

:feI^^tCJl-L-C6 9~8 6%0D|eia-efc5o 6 9% 

S6<)t-t-5 9. 5 kGiJt±ds#fe)n>iCi/^o 8 6%SrMx: 
3|s:58PJ©se<)i:i-5fii«^i HciSa. 5kOe« 
[0 0 3 3] Cott, M5c^t i:ttc^^K;^7©lPl±. ^K 

[0 0 3 4] Co*li, 1. 0Sy^9. 0T?fc!9, 
i£L<fil. 5gy^9. 0, J:?)#f^b<tt2. OS 

=.y-^o±#is+5>-e^j:<flR$j£ttfc^5o 9. 0 5: 

©{STiiSSIl^ i: t) , 1 0 k G £;t±;d5# 6> tb'fc V \ 
[0 0 3 51 Mli. Ti. V, Cr. Zr, Nb» M 
o. Hf . Ta. Mn, Cu> Ga. Ag^i^S i 
*>fe5lfiH5— aEAJ:<05n^-Cfef?. Nd2Fei4Biia 

[0 0 3 6] IWHMTC^Orts Mn. Cu, Ga, Ag 

J: o -c i 5 iSil/ ^■f!?:?K;^ r i *5-e^ 5. 
[0 0 3 71 M3c^©J:ttO. 1 g z ^ 5 -C*)?) . 
L.<ttO. 2gz^4. J;t)iif*U<f±0. 3^z^ 

ft, (Fe. Co) (r>^'P\z.i.-i»-Qxfr>W>^ 

[003 8] ttfEMTC^O 5*>, Ti. Zr. Nb, H 
f, Ta, s i&o^GaJi, <^»;^i<0|Si±fc:^^i-S i: 

[00 3 91 Bf*. Nd2F eMBiMjE^-J&^^SSffi** 



9. -eoiH, 2^w^7-Cfc9. iff*U<fi2. 5^ 
wS6. 5, J:9*f*L<tt3gw^6. 5-Cfc5o 2 
*-^(0#^ICfi, Nd2F ei4BiSiE:^ft^^fB^f!6^?^ 
;^j:5^?E14^fB*a©^»f ttJfi;dS7p^5J-t 5 , i h c ^ 
3. 5 kOe t^ib^V^ 7Srill;t5»^lCtt. BiSji 
PJ i: * 9 B r (r>WJ> Sr« < o 

[0 0 4 0] RftRt;5B*(D?Pli. 9^ (x+w) T-fe 
9. /(f*L<»il 0£i±-C*>5, 9*mw^(Ctl, # 

.kcCt i He ^3. 5 kO e $:^5,-e#/^V\ 
aSS^«^S*B r SrtSit-rS r i S:%lti-ixff. ^<DJ: 
RS^tf±l 8;6Siff^b<, J:!!)if4U<Jil 7-Cfo5. 
[0 0 4 1] CoaRtJ5M4©ft«:s 5< (y + z) "C? 

•^W^-t^ r Sr%Iti-ti.«, -toilSflltt 1 1 
[0042] m^«ii¥*co^^^& 

[00431 m:5ffl{i¥*(0^^^# 
f±, ^^^lE^lcM L 1 0 ®«%£-tT> *f « L.< 9 ffi 

[0044] tt8S14^fB®ffi;iS^-g-^m^<0 -iife7n6*)« 

l^^ai?^c^iv^-cl offia%>ir^;t5^}::f±. is^^ttig 

[00451 $)C<K14^S^ffifi. 8-2 OIS^%. if* 
t < 9 ~ 1 5 Il^-%OD#±|gi: 7 0-90 $f 
*U<f±7 0 — 8 5^^%©«feXf4@ci±SE5E§SMt© 
-g-^t 2 2IS^%etT, U< f45- 1 8 JP^^%OjK 

[0 0 4 6] -^fL. imL>!^^f^^hwmM^^h(o^ 
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[0 0 4 7] mmmB%.m-i.. m^m.mmn^^^ 
[ 0 0 4 8 ] *^?gic:-e^5>f;'v Ymp&^u^i?~<r>wf^^ 

Sffittx aFe. (a F e fcMid^fejfcSS^ 

v\ fi^jK;^ i He SrrSi± 5 Satt^^ffi 
©Jfc^Sr^lSfJvfi. -t©J;IS<|[tt9 Offii»%dSi?4L 

10 0 4 9] mm:^i^-^<o^'^^^tL^\±. 5 ~ i o 

0 nm;i5ifa L<. J: «5iifS L< fl 1 0~5 0 nm<0® 

too 5 0] ©J^Kffi^S^afcf±, oFe. B^«c (aF 

<0V>-ftl*>O^fi*B£Jl^l-F esB, FeaB, ^Jv^t 
MtWB^^*:^ Mfcv Fe2Zr3&JfOFeiMtO^ 

[00 5 1] ^^pjtc^sdfvm^E^ii^^f^^it^ 

t3tt5B!affifeft*Btt, Nd2F ei4BiSiE*^^^ft 

[0 0 5 2] 9 OffimSrSxiS^fi. i^!Ki4^a*a 
iS'>Ji:< t) , :*:#'S:^SiKm3gaEB r 
*l6M<OB«3i:i-5««;^iHcfllS:#Jt-rH«. -tO 
TRBMtt 1 0 80®%-^/^* bv \ J: 9 U < f4 2 0 ~ 
8 5Ea%t?fe5„ 

[005 3] mimmm^^^\i. ^mti 1 h c srism 

[00 54] SHei43g^*BlCli. N d 2F e 14B imit-^ 

[00 5 5] mmm^^^(D^i-i$if^&n.^\±. 5-10 

0nm£AT*W*b<, J; 90* L < »i 1 0~ 5 0 nm 

[0 0 5 6 1 *«KU:«57HVK®^ffik¥*<03l<^* 

BriSS. SkGtiJi, ^yF*b<ttlO. 0 k G£i±-C 
fc!?, -»a*iHciS3. 5kOe6t±, »*U<tt 
4. 0 kOe£A±t:*b, :f::fc^lR^^''V'=¥-S( (B 



(6) 

10 

H) naxJiSi 3MGOeJW±, »*L<ttl SMGOe 
«Jl±Sr^i-5. *0±IS»i. Slga^9B«B D^l 3 
k G, i H c ;6S 8 k O e . 

(BH) D,ax=*^2 5MGO e-Cfc-Sc 'iJJ, J:IE(^:g&5l? 
©^^#ttcO . B r ^tSMi^<D B r d» h^m^lE L T 
S[fflUfct>roTfc!J. (BH) Biax^tHEIjwOB rS: 

[0 0 5 7] sfc. ^%m\^^^^if-:^Ymp5mm^-^(D 
» tt. J I s z 2 3 7 i\zm^<m^cim^fkm\^i. 

?) . 1 0 ffia%Sr 5 *-C*oSii^rBl;i5/>^e < 
tt5 0^r«m±, $f^L<f±5 5^raW±. J;!9iff* 
L<ti6 0NfrBm±-eS9oT. t<e5fe<0Nd-F e -B^ 

[00 5 8] ^fetc. m:&ffl{i¥*cD 

[0 0 5 9] *-f . ^RxF e loo-x-y-z-wC o yMzB, 
20 (fci^L, Rtt. Nd. Pr. Dy. ThRX^C et^h 

^Mt£.i\.^^±m5mn-mx\±-m.&.±. m»±. t i . 

V. Cr, Zr. Nb. Mo, Hf, Ta,W, Mn, 

c u , G a St/ s i fe^ rftv 5 w— ax f± ~aej^ 

-h. X. y, zXU^wIt, 5^x^10, 1 

^y^9. 0. Igz^S, 2^w^7, 9^ (x + 
w) . 5< (y + z) 

30 [0060] l«ria^*t7E*iSi^i: UTfi, HJ|g<0t>O 

[006 1] MIB-&^4^1S!^i: LTfl, l1T|g©t><OS^^£ 
'^'Ji,fj:i;iii3i. ^(omtSiti. a^fe, yrVi. *E 
40- [006 2] StrlBJPS&^/Stt, m^(D7-i7mMm. IS 
[006 3] ^^f::. ^#feivfcttll2ffi-&i^*AP^^m LT 

60 t 2>cv>-c, ^^jii?&?gB!feiB^I&*4riDl¥!iMSItc:J: 
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[0 0 6 4] tulB^^Mgtt. -e-^m^tcjJ;C-C^J6H 

10 0 6 51 MIEitg1-5^f>^ t UT»±^S14:«f;^isiif 

Mi. 5~2 0 0k g f /cm2, «f*L<»±10~l 
00k g f /cni2-efe5. 2 0 0 k g f / c m2iSri8xL 

[006 6] MSlBl4E^^{4£(^^4^(±^ Rill!3^fi:P3«£ 

^M-T?fe5. -sfc. ■m^^m<f^m^<D^um-±. loo 

0~20000rpm, if*U<fi3 000~1200 
0 r pmt?fe5, EfeSfe^S 1 0 0 0 r pm^M(Di^\Z. 

??$*?.^Jj:»±, -t<D«^@BFff*. n^S(DlH]tei^SP 
[0 0 6 7] '^-WicXV. m^-^±<DM^ 

[0 0 6 91 Ete?^{it:|J:J;S?^®Hfci3V^T 
lo 0 7 01 «trfE[aite}^af^lcj;5}^ip^S@»cJ;o-c# 

[0 0 7 11 zo^&n-k-^mmit. xsmijffciDt/ 

D - K^i f - SrS^ L. ' @Jiam^-S?I«S^ ( T E M) \z 
4b\ -g-^figlcio-Cli. 0^K<O-^-^Mmti^ 1 0 0% 



12 

[0 0 7 2] ^«^SK-&^imflSciKttSr^UTJ3 

[007 3] ttriffi!jpfiftMSfi. 6 0 o~ 8 5 o'com.m 

a&mX'nOo e O 0'C*SS©4i^f±, N d2F e uBiM 

3. 5kOeU±(Om&t)imhrifi^\ 8 5 0*CSr® 
aFe, (a F e iM t d»^)fe5 @ 

^flc) Xtt a F e t S^^^i: o?i-a-*i<^ v^■ri^*^co^S 

20 [0074] Wia!lPfiMStC*3lt5#H^f4^ n^fi^ 
L< 1 0-lT o r r £AT<^X^<f iJ^S* 

[0 0 7 5 1 mmjim^mi^iisi-t^im'^NHi. &fi< 
thi o^gA-hiisa* Lv\ 1 oii'*i^X'tt+:«-/i«ca 

30 [0O7 61 tinsbps&^asfcio, ifs®*i*>feiSS*B 
fc'^j:< s ^-a-Mii^lcML 1 offia%e;T©#^^Kffi 
[0 0 7 7 1 #^aKffi«riS-t-fc*©^#fc b-Ctt, i^A 

mo^w^wt^-tii^-^m^h^, -kit., mixiTtmun^ 

fcS, APf\«iSferoMi urn. 77yV=.T=-y V 

[00 7 8] aei-s#^sitti<^#«fi'^tt»* K »i 
1-10 mm%. J: 9 L< 9 s«%etT-e*>5, 

l®^%*«-e»iBfilE©@6*)i;-r5a*:45^§^tv-r. 

ai4tg<^)is]±t>»i#-c#-r. 1 offia%i^M;t5^}c 

[00 7 9] isfelc, 5^^|g^c•e^5J}?:^K^^}:Io^^Ti& 

so -^So 
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[0080] i^Wf^\z.'Sk'^ifs)y KSS^ti. 

8 5-9 9 sfi% t t ^©m^ 

JnJIfiJ t A> ^ * 5, 2fc«?^ f::^^ 5 v K«^fflilS¥*o^ 

©^ICH, 8 8~9 3ai%i5»*L<, Jffflfi£?^3K 
>- KJK^©*&^JCtt. 8 5 ~ 9 2 fl[l:%*s»* U < . ffi 
Jg^Ji^Ji^ V K^K:5©^g^^^: Si, 9 5 ~ 9 8 . 5 fi4% ;ds 
i[F*U<, 9 6~9 8. 5i»%*SJ;l9iif*L<. * 
^-iJ^-^J^jK^^ W^SWS^ICtt, 8 5 ~9 Ofift%dS 

10 0 8 11 2|s:^BJtc#5j}?:xm:^H. ^S^^^* 
BrdW. OkGi£;l±. $f*U<fi7. 2kGJW±-efc 
!J , W^ti iHc*S3. 5kOe et±, »i L< fi 3 . 
7kOe£A±**U (BH) bbjc*^ 

9. SMGOefiAi, ^f*U<«9. 7MGOeEil±, 

[00 8 21 'feiis Ka5<oif:^14 
t±. 8 CC, 9 0%ffi*fSS©SISST-e, |g«JiSl Offi 

[00 8 31 slc^l^iw^S J)?:/ Ka^roMitifel- 
[00 841 m^tt. 

[00 8 51 linE3g'^?fll;»/lii L-Ctt, ^J^&fc JloT 

^MttWJiii: U-Cr±, ■?--l'n>' (PA) j^y rni^ 
ki' (PP) 5^, 3i'f^u>'K'=/V7'-fer— b (EVA) 

#y 73i=uvi>-;v7r-Y K (PFS) ^, SKfi^ 
Hi (LOP) oi^x^b-v-^, =?i^^^©:ffiJiidS^E 

I 0 0 8 6 1 MIE2^%?^»C#5jKi^ K«:Fffiffi¥*<Dm 

8 5~9 9mi:%-Cfc!3. Sii5tcS-&f«'&'f±, 

lttiJ^?^l-*5t/^Ttt, 8 8-9 

3 aa:%ASjf 4 u < , }f m^J^-ett 8 5-9 2 fil:%>65 
jif * L < . 9 6-9 8. 5 a*%iW^ b 

< . * \y>'^~m?y'Q\t 8 5-9 oa*%isiif-* 

8 5Sfi%*#So|&^}j:»i, i2?r-&:^«i^***of!l-&*s 
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[00871 jK:^ K«;&Sr§!liti-5 LT. ^ 

10 [008 81 zix^commiii. BifoKi^cxmwiii 

tt^-ffl-f-5^-&^«Jii»c:>itU-C0. 0 1-5. omm% 

10 0 8 9] mtd.mMhVXit. P^y'T V ^'^t^com 

*^ic:*i-bTo. 0 1-1. om^%m&i)^mmx^^. 
[0 0 9 01 m^:fjy^Di^i^Mt\.xtt. ^mmsst 

20 J3ilc5ftL-CO. 0 1-3. 0S*%gS*Sffiffl-e#5, 
10 0 9 11 H(rlEii-^f±x '^>'.i/'3:/^5dr■t^-. V#:? 

-#ii««. emmum. t^\^m\^& 

1 0 0 9 2 1 tulE^?i^&lc J: 0 ^mMJ: L-C^i■e>i^^^ 
[00 9 31 

[00 9 41 ^±m-&i-^-^>'^m^^^^'B^t: 

trn-^xmrnLn. ^^n^<D^i^^. 

Mtts, ¥*&i?$<^^mf*i 0 omizij^i^i^f^m^mw 

[00 9 51 *±IS-gfe-jKn:^m«^-&^^»*S: 

[0 0 9 61 m%L-^^k^<rM.%mmt. ±ss.i-/ f- 

m^eiC i !3jK»1tiit<0?S®i: L/C. mh. a F eS^S 

. e2Bmn^t:mmi-^^t\^x'o^m^xh^z 

tSrffi^Lfc. PHttCLTs Nd2F euBiME;^^^ 
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[00 9 7] MfS-a-^M^OEa% h fi. sigsm^ig 
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